Introduction
Destructive brain lesions of early development include a wide variety of congenital, perinatal and postnatally acquired neuropathologic conditions that have in common tissue necrosis of a previously normally formed brain, and constitutes one of the most important causes of neurological mor-*Corresponding author. Fax: +55-19-3289-1818. E-mail address: fcendes@unicamp.br (F. Cendes).
bidity acquired at this period of development. [1] [2] [3] Epilepsy is a common long term sequelae of those precocious destructive lesions, often presenting with intractable seizures. 3 It is quite common to associate a non-traumatic destructive brain lesion with a vascular insult, but this is not always true. Other kinds of insults such as hypoxia and status epilepticus (SE) are well known causes of brain destruction, especially in the immature brain. [4] [5] [6] [7] Furthermore, there is a robust body of evidence that different insults as well as the timing of the insult lead to a wide variety of lesional patterns. The recent development of new imaging techniques, notably the magnetic resonance imaging (MRI), turned it possible to distinguish these patterns ''in vivo. '' 8,9 The magnetic resonance angiography (MRA), which provides accurate noninvasive images of intracranial vasculature, 10, 11 can have an important role in the evaluation of these patients, but little information is available on this respect.
There are several neuropathological terms to designate these early life destructive lesions (porencephaly, encephalomalacia, ulegyria, hemiatrophy, leukomalacia, etc.), most of them not well understood by the clinicians. [12] [13] [14] Moreover, some of these terms only tell us about lesional morphology with little information of clinical or pathogenic context.
We performed this study as an attempt to develop a MRI topographical classification of patients with epilepsy due to early destructive brain insults into groups that may reflect homogeneous clinical presentations.
Patients and methods
We studied 33 consecutive adult patients (14 women) seen at our Epilepsy Clinic from March 1999 to April 2001 with the diagnosis of epilepsy secondary to a destructive brain lesion of early development (mean age: 30.84 years; range: 15-50 years), and who had both MRI and MRA studies. Informed consent was obtained from all subjects. This study was approved by the Ethics Committee of our Institution.
Detailed histories of prenatal, neonatal and early childhood events were systematically reviewed through the medical records and direct interview with the parents. Data were only considered significant when the mother had been interviewed by one of us (R.A.T.). All patients had disease onset before the fifth year of age. We excluded patients with foreign tissue lesions detected on MRI (e.g. tumors, dysplasias) as well as those with history of major traumatic brain injury or with signs of progressive disease.
All MRI, including MRA, were performed in a 2.0 T scanner (Elscint Prestige, Haifa, Israel). Visual analysis of MRI and MRA as well as multiplanar reconstruction were systematically performed in a workstation (O 2 Silicon Graphic) using Omnipro software (Elscint Prestige). The MRA studies were interpreted by one of us who was blinded to the clinical data. Curvilinear reconstruction of 3D volumetric MRI was performed in all patients in a Power MacIntosh using the software Brainsight (Rogue Research, Montreal, Quebec, Canada). Curvilinear reconstruction was very helpful for a clear visualization of the extent of cortical involvement and assisted us to classify the patients in three different groups according to the topographical distribution of the lesion. However, 3D reconstruction was not essential for this classification. We could define the groups using conventional MR images in the three orthogonal planes without detailed post-processing analysis ( Fig. 1) : hemispheric lesions (H), patients in this group had a homogeneous atrophy of an entire hemisphere without loss of tissue continuity. Arterial territory lesions (AT), this group had their lesions limited to a main arterial territory, constituted by a cavitation or a localized retraction of the cerebral tissue with an heterogeneous appearance suggestive of a substantial gliotic scar. Arterial borderzone lesions (Bdz), these patients had their lesions consisting of atrophy between the main cerebral arterial territories with an ulegyric aspect. 9, 15 Seven patients showed more than one of these lesional patterns and they were classified according to the most exuberant pattern.
We used the Pearson's chi-square (χ 2 ) or Fisher's exact test for comparing proportions among groups. We considered the significance level of 0.05.
Results
Thirty-three patients were distributed in the three different groups as follows: H (n = 7), AT (n = 18), Bdz (n = 8). Clinical, MRI and MRA findings are summarized in Table 1 . 
Clinical features
All patients from group H presented SE restricted to one hemibody in the first 5 years of life. In five patients, the SE was the first manifestation of their disease, four of them associated to fever. Two patients presented SE after experiencing uncomplicated seizures, one of them since the neonatal period. SE was by far more common in patients from group H (7/7) than in the other groups: group AT (1/18), group Bdz (0/8) (Fisher's exact test, P < 0.001). All patients from group H experienced SE only once and developed a permanent motor deficit, clinically matching the diagnosis of hemiconvulsion-hemiplegia-epilepsy (HHE) syndrome. 16, 17 Patients from group AT exhibited a quite different natural history. Sixteen of the 18 patients (88.8%) presented an obvious hemiparesis that was noticed by the parents within the first 2 years of life or a discrete hemiparesis that was identified by a neurologist at early childhood, without any evidence of postnatal events that could be related to the deficit (in patient 17 we do not have this information). This congenital motor deficit was more frequent among patients of group AT (16/18), than in the other groups: group H (0/7), group Bdz (3/8) (Fisher's exact test, P < 0.001). Visual field deficits were identified in three patients (16.6%) of group AT. Furthermore, major prenatal events such as abortion attempt and severe maternal trauma were observed in four patients (22.2%) of group AT and in none from the other groups, without reaching statistical significance (Fisher's exact test, P = 0.15).
Among patients from group Bdz, prenatal or postnatal events were not identified. Conversely, all patients from group Bdz showed a history of perinatal complications, referred by the mother as fetal distress and neonatal respiratory problems culminating with delay on hospital discharge. The other groups had significantly less frequent antecedents of perinatal complications: group H (1/7), group AT (5/18) (χ 2 [2] = 14.71, P = 0.001). Three patients from group Bdz exhibited an evident motor deficit that was detected by the parents in the first 2 years of life without any postnatal potential precipitating insult. One patient presented a severe visual acuity deficit and another one had a visual field deficit. Three patients had a normal neurological exam.
MRI features
Patients from group H revealed an uniform pattern of atrophy of a whole cerebral hemisphere. One patient had additional atrophy on arterial borderzone between the three major arteries bilaterally.
All patients from group Bdz exhibited bilateral lesions, and in five of them (55.5%) they were asym- metric (four predominating on the left and one on the right). In seven patients (87.5%), the lesion was distributed posteriorly on the watershed between the three main arteries. One patient had his lesion more anteriorly, on the watershed between the ACA and middle cerebral artery (MCA). Two patients (patients 12 and 14) presented a clastic lesion on the territory of the MCA associated to the arterial borderzone lesion.
Thirteen patients from group AT (72.2%) presented lesions on the territory of the MCA, three on the posterior cerebral artery (PCA) and two on the ACA. Three patients with damage on the whole MCA territory (patients 22, 23 and 26) had also atrophy on the contralateral arterial borderzone between ACA and MCA. Another patient with a MCA lesion (patient 27) exhibited an ulegyric lesion bordering the central sulcus bilaterally. This central pattern is associated to perinatal hypoxic-ischemic insults and has been rarely reported. 18 
MRA features
Among patients from group H, six out of seven (85.7%) showed a pattern of impaired flow signal in the distal segments of all three major arteries (Fig. 2) . This MRA pattern was exclusive of patients from group H (Fisher's exact test, P < 0.001). One patient from group H had a normal MRA.
Among patients from group AT, 16 out of 18 (88.8%) had signal flow reduction in one of the major arteries. Two patients with small MRI lesions over the PCA and ACA territories showed normal arterial MRA studies. Patients with MRI lesions over the whole MCA territory, presented impaired or absent flow signal of the proximal MCA (Fig. 3) . Patients with MRI lesions over MCA divisions showed impaired or absent flow signal of branches of the MCA, except for patient 18 who showed proximal MCA flow reduction. This patient presented a quadrantopsia in addition to the motor deficit. The study from patient 31, who have an MRI lesion over the PCA territory, revealed an interesting finding: impaired flow signal of the basilar artery without flow on the vertebral arteries, and impaired flow of MCA and PCA branches ipsilateral to the lesion (Fig. 4) .
Among patients from group Bdz, four out of eight (50%) presented normal MRA. Three patients showed flow signal impairment of distal segments of both PCA, one of them with proximal unilateral MCA flow impairment (suggesting a superimposed vascular insult), and another one with flow signal impairment of distal segments of MCA. These two patients with flow signal impairment in MCA segments (patients 14 and 16) had a clastic lesion over the MCA territory associated to the Bdz pattern (Fig. 5) . One patient had flow impairment of branches from both right MCA and right PCA. 
Discussion
In the present study, we studied a population of epileptic patients with heterogeneous neuropathologic entities unified by the finding of epilepsy due to precocious brain tissue destruction. We grouped these patients based on the topographical distribution of their lesions on MRI and in this way we created three nearly homogenous groups. The MRA findings gave further support to the classification we proposed recently. 19 Patients with hemispheric lesions (group H), defined as extensive hemispheric atrophy, actually represented an uniform clinical group since all the patients had the antecedent of SE in the first years of life as the first manifestation of their disease, developing epilepsy and subsequently hemiparesis, thus, characterizing the HHE syndrome. 16, 17 This pattern of lesion has been designated in the neuropathologic literature as hemiatrophy for many decades, 14, 20 but unfortunately the term is often used to describe any destructive lesion involving a considerable extent of a hemisphere (e.g. MCA infarct). 21, 22 In this group of patients, the MRA studies were particularly helpful, suggesting that no vascular pathogenesis were related to the MRI findings. Moreover, the prevailing MRA pattern of impaired flow signal in the distal segments of the three major arteries is in agreement with the hypothesis of diffuse damage induced by SE, 23, 24 and the pathogenic concept of the HHE syndrome. 16, 17 The cause-effect relationship between SE and hemiatrophy has been stressed by very few publications. 14, 24, 25 In the classic paper where Gastaut et al. 16 described the HHE syndrome, they found that the severity of damage was associated to the duration of convulsions, but did not discuss if the status alone was enough to produce hemispheric brain damage. In fact, their series dealt with a mixture of patients with hemiatrophy and vascular lesions. 16 Tan and Urich 25 described the necropsy findings of a patient who died 2 days after a lateralized SE and compared it with three other necropsies with the antecedent of SE months or years before death; all patients had unilateral hemispheric necrosis. There was no difference in the extent or distribution of neuronal necrosis between the acute and chronic lesions, suggesting that SE was sufficient to cause the pattern of lesion observed in the chronic cases. More recently, Men et al. 26 described a patient who experienced two generalized uncomplicated seizures and presented a small temporal lobe lesion on the MRI suggestive of a tumor. This patient died 6 days after a lateralized SE with predominant motor manifestations on the right hemibody. The neuropathologic findings included laminar cortical necrosis on the left hemisphere. Our present study further consolidates this hypothesis of cause-effect relationship between SE and hemiatrophy (or HHE syndrome).
Patients from group AT also showed a significant confluence in their natural history. Most of them presented a congenital motor deficit that in addition to the imaging data, indicate the occurrence of a prenatal or perinatal vascular insult. Although we have excluded patients whose disease began after the fifth year of age, it is interesting to notice that we did not find any patient with the AT MRI pattern who had an event characterizing an acute hemiplegia syndrome of childhood. 27 This may be explained by selection bias, since our patients were recruited from our epilepsy clinic, and theoretically, patients with more precocious insults tend to develop epilepsy more frequently. 28 The MRA studies corroborated the hypothesis of a vascular nature for AT patient's insults, and in most patients the degree of flow impairment was proportional to the size of the MRI lesion. Two of our patients showed MRI findings less severe than it was expected for their MRA changes (e.g. basilar obstruction showing only an unilateral PCA territory MRI lesion), illustrating that collateral flow may be an important determinant factor of lesion extension.
Patients from group Bdz also exhibited a common natural history since all of them had a history of significant perinatal complications, that was much more common than in the other groups. In fact, borderzone infarct is the most common lesion pattern associated to perinatal asphyxia or other insults in infants at term that lead to a global cerebral hypoperfusion. 29, 30 Two patients also presented an AT lesion smaller than the main Bdz lesion, suggesting that a prenatal vascular insult could be responsible for the perinatal complications and a superimposed Bdz lesion. Another possible explanation is that a global hypoperfusion could result in a focal lesion outside the watershed zones. On the other hand, a few patients from groups H and AT presented subtle lesions over the watershed zones that could have been the result of a global hypoperfusion associated to the primary insult. 31, 32 Our study is limited by the fact that most data regarding significant events in early life were obtained by interviews with the patients' mothers. All our patients were adults at the moment of the study, and few of them were followed in our institution since the first year of life. However, this is a common situation in clinical practice and this topographical classification proposed might be a helpful instrument for the clinician to better understand the pathogenesis of a lesion that occurred many years before. This seems to be especially important for those patients with hemiatrophy that are often thought to be associated to a vascular insult, but our data indicate that this type of lesions are in fact closely related to SE.
It is worth to comment the complete absence of patients with the pattern of periventricular leukomalacia in the present series. This can be explained by the fact that patients with periventricular leukomalacia are not usually seen in a tertiary Epilepsy Center. 33 In conclusion, MRI findings allowed a topographical classification of patients with epilepsy and early life destructive brain lesions in three relatively homogenous clinical groups, reflecting different pathogenesis involved in each pattern of lesion. The MRA findings were in agreement with the MRI data, and their combination yielded more information than MRI alone in some patients. Further prospective studies using MRA and MRI in early childhood will be helpful for better understanding the nature of early destructive brain lesions associated with epilepsy.
